Pediatric thyroid carcinoma is relatively uncommon. But variability in incidence rate by race, sex, age at onset/diagnosis, and geographic local had been observed in adult thyroid carcinoma in the USA. We aimed to examine the patterns, rates, and temporal trends of thyroid carcinoma among pediatric patients (0-19 years) between 1973 and 2007. The Surveillance, Epidemiology, and End Results (SEER) data of the National Cancer Institute were utilized. Data were available on sex, age at diagnosis, race/ethnicity, and geographic locale (9 SEER registries) and were used for rates and trends computation. The frequency and percentage, percent changes (PCs) were calculated by using 1 year of each endpoint. Similarly, the annual percent changes (APCs) were calculated as well, with APCs estimated using weighted least square methods. Between 1973 and 2007, 1,360 thyroid cancer cases were ascertained in the 9 SEER areas (n = 247,638,734) in the USA. The percent change was 47.9, while the APC was significantly different from 0, 1.0 (95% CI: 0.5-1.6, P < 0.0001). The rate ratio (RR) was significantly lower in 1975 (RR: 0.62, 95% CI: 0.38-0.98, P = 0.03) relative to the rate between 1973 and 2007 (RR: 1.60, per 100,000, 95% CI: 1.50-1.70), but higher in 2007 (RR: 2.3 per 100,000, 95% CI: 1.70-3.10; RR: 1.44, 95% CI: 1.05-1.93, P = 0.02). The rate was significantly higher in whites relative to blacks, highest among age group of 15-19 years and girls, and in some SEER registries, with some significant PC in Connecticut. This temporal trend study of pediatric thyroid carcinoma indicates increase in the rate of this malignancy given the percent change and the annual percent change between 1973 and 2007. In addition, the incidence was higher among girls, lower among blacks, highest in age group of 15-19 years, and relatively higher in SEER registries with predominantly white or Hispanic populations.
Introduction
Thyroid carcinomas are tumors that originate from epithelial cells and are relatively rare. Whereas the follicular and papillary, which are highly differentiated cells and anaplastic (poorly differentiated) types, arise from follicular cells, medullary cells types arise from parafollicular C cells, which are cells associated with calcitonin production [1] . The prognosis for papillary and follicular carcinoma subtypes had been reported to be good, while the anaplastic carcinoma is poor in prognosis. The papillary and follicular cell types are the most common, accounting for an estimated 80-90% of all thyroid carcinomas. Relative to leukemia, CNS/brain tumor, and lymphoma in children, thyroid cancer is rare, affecting approximately 1 in every 1000 to 2000 children in the United States. Based on the Surveillance Epidemiology and End Results (SEER) Cancer Registries, the age-standardized incidence rates (1987-1991) were 2.5 per 100,000 for males and 6.4 per 100,000 for females [2] . Sex and racial variability has been observed in SEER registries. The incidence from the SEER (1983-87) was 1.0 in black males and 2.2 in white males per 100,000, while the incidence was 2.7 for black females and 5.8 per 100,000 for white females [3] . Sex variability as shown in nonmedullary differentiated cell types peaks after puberty and increases to three-fold differences during child-bearing years in women and declining thereafter.
In general, the incidence is two times as likely in whites compared to blacks, with Asians, compared to white or blacks, more likely to be diagnosed with thyroid cancer [4] . With respect to presentation, there is variability in tumor subtype by sex, with female-to-male ratio of 1 : 3 for papillary and follicular cell types, but no such female-male ratio is seen in medullary carcinoma, which may be due to the implication of increased estrogen receptors in papillary and follicular cell types [5] .
Time trends in papillary and follicular thyroid cancer indicated an increase until about 1980 [6] . Whereas, in the USA, incidence increased between 1947 and 1978, rates tended to plateau between 1978 and 1979 [7] .
Like in most pediatric malignancy, the risk factors for pediatric thyroid cancer are not well understood. This may be due to apparent restricted or limited epidemiologic interest in this rare but relatively good prognosis and survival tumor, as well as the several histopathological subtypes and prognostic variability associated with the cell subtypes. Epidemiologic data strongly suggest ionizing radiation, which may tend to increase the incidence in children, given extensive use of radiation today in the treatment of other childhood malignancies (leukemia, lymphoma, CNS/brain, Wilms' tumor, neuroblastoma, etc.). Inherited susceptibility is seen an estimated 3% of thyroid cancer, with such presentations suggested to be clinically more aggressive [8] . Germline mutations in the ret protooncogene, which is an autosomal dominant inheritance with high penetrance and variable expression have been associated with an estimated 20% of medullary thyroid cancer. Familial contributions to thyroid cancer had been observed in which the rate for the offspring of thyroid cancer patients increased by multiplefolds [9] . Evidence is conflicting on specific gene alteration implicated in thyroid cancer. However, growth factor receptors, oncogenes (ras gene, ret protooncogene, and ret/ptc), and tumor-suppressor genes (p53 point mutation) had been associated with thyroid carcinogenesis [10, 11] . The implication of the growth factor in thyroid carcinogenesis is plausible given that follicular cell growth is regulated by growth factors while thyroid cell proliferation is essentially controlled by thyroid-stimulating hormone.
Epidemiologic predisposing and protective factors not established in thyroid carcinogenesis include smoking, diet (high iodine level and increase risk, vegetables and decreased risk), alcohol (increased risk), hormones (elevated TSH secretion, puberty, pregnancy, and labor, oral contraceptive, thyroidectomy, goitrogens, and radiation therapy), weight (increased BMI in women and increasing risk), ionizing radiation (established risk factor), with doses as low as 0.1 Sievert associated with increased risk, and is dependent on the age at exposure-more sensitive during early years [12] , and diseases and therapeutics (hyper-or hypothyroidism, thyroid adenoma, goiter, thyroiditis, iodine deficiency/endemic goiter, and breast cancer) [13] . These risk and possible predisposing factors remain inconclusive except ionizing radiation, due probably to confounding effects, such as the association between breast cancer and thyroid carcinoma, diets, and alcohol.
Epidemiologic risk factors in childhood or pediatric thyroid carcinoma have not been explored relative to the studies in adults. However, hormones, somatic events, inherited susceptibility, and exposure to ionizing radiation are factors that are similarly implicated in pediatric thyroid carcinoma. Additionally, data suggest ionizing radiation with increasing predisposition to pediatric thyroid cancer. Children treated with external X-irradiation and by external exposure to active iodine for enlarged thymus glands were demonstrated to develop papillary-follicular thyroid carcinoma after a latency of an estimated ten years [14] . Epidemiologic data on temporal incidence trends are needed on pediatric thyroid carcinoma that will allow us to have comparable data as in adult presentation with respect to sex variability, racial/ ethnic variance, geographic locale, and age at onset in the United States.
The present study sought to examine the incidence trends (percent change and annual percent change) in pediatric thyroid cancer ) using the Surveillance Epidemiology and End Results (SEER) dataset from the 9 SEER registries and determine the incidence by sex, race, age and onset, and geographic locale.
Materials and Methods
After an approval from the relevant IRB, we conducted a temporal trend study to assess the incidence rate/trend in pediatric thyroid cancer as well as to examine the incidence rate/ trend by race, sex, age group at diagnosis, and SEER registries (geographic locale).
Study Population.
The study population comprised children of age 0-19 years with newly diagnosed thyroid cancer between 1973 and 2007.
2.2.
Variables. This study assessed the incidence rate/trend in the overall pediatric population at risk and examined the rate differences by sex, race, age at diagnosis, and SEER geographic areas. Sex was classified as male and female for boys and girls, respectively. Race was classified as black, white, and others, where others comprised American Indian-Alaska native, Asia-Pacific Islander, and others. The age at diagnosis was grouped into (a) 0-4 years, (b) 5-9 years, (c) 10-14 years, and (d) [15] [16] [17] [18] [19] SEER data had been validated and shown to be reliable in population-based studies. SEER employs highly qualified data processor and entry clerks which have resulted in the high quality of the SEER data for research purposes. While SEER remains a reliable source for cancer incidence and mortality, estimate of survival using these data remains questionable due to the lack of variables on treatment such as chemotherapy as well as variable survival times.
Statistical Analysis.
We obtained data on the thyroid cancer counts as well as the pediatric population at risk in the nine SEER registries. The nine oldest SEER area data from 1973 to 2007 were used to calculate the age-adjusted rates for the geographic locale, race, sex, and age at diagnosis (0-19) Years. Rates, standard errors and 95% Confidence Intervals for the rates were calculated. The rates were per 100,000 and age-adjusted to the 2000 US standard population. Percent change was calculated using 1 year for each endpoint, while the annual percent change (APC) was calculated using weighted least squares method. The APC is the average rate of change in a rate over several years and is used to measure trends over time . Statistical significance (meaning APC was significantly different from zero) was assessed, utilizing P < 0.05 for APC and 95% confidence interval (CI) for rates and trends. All statistical analyses were performed using the most recent SEER statistical package, SEER * Stat 6.6.2.
Results
This result presents the study of pediatric thyroid cancer that assessed long-term temporal trends in this malignancy. The data comprised all pediatric thyroid carcinoma diagnosed between 1973 and 2007. The diagnosis and the population at risk represent 9 SEER registries with an estimated 11% of the total US population in terms of children, 0-19 years of age. During this period, there were 1,360 thyroid carcinomas diagnosed, which consisted of all histological subtypes (papillary, follicular, medullary, and anaplastic). Table 1 demonstrates the annual incidence of pediatric thyroid carcinoma in 1973-2007 in the SEER registries. The incidence rate ranged from 0.4 to 0.7 per 100,000 children of 0-19 years. The percent change was 47.9, while the APC was significantly different from 0, 1.0 (95% CI: 0.5-1.6, P < 0.0001). The incidence rate was lowest in 1974, 1975, 1979, 1991, and 1997 and highest in 1976, 1992, 1998-2000, 2002, 2003, and 2007 . Remarkably, the rate ratio in 2007 (RR: 1.34 per 100000, 95% CI: 1.01-1.75), implying 34% excess thyroid cancer, was significantly different from the rate in 1973-2007, P < .0001. Table 2 However, none of these rates were statistically significantly different from the rate in 1973-2007 (P > 0.05). Relative to white children, the incidence rate was lower in blacks ( Figure 1 , R: 1.2 per 100,000, RR: 1.38, 95% CI: 1.01-1.85, P = 0.04). While at any given year, the trend was higher among girls relative to boys, there was a negative trend in boys (PC: −19.2, nonsignificant APC: 0.4), while a positive significant trend was observed among girls (PC: 81.3, APC: 1.2, 95% CI: 0.6-1.8, P < 0.0001). Table 4 demonstrates age-specific incidence rate for pediatric thyroid carcinoma by age group at diagnosis in the SEER registries in 1973-2007. Among children of age 0-4 years, the rate ranged from 0.0 to 0.1 with four cancers diagnosed between 1973 and 2007, while among the age group of 5-9 years the rate ranged from 0.0 to 0.3 per 100,000. In the age group of 10-14 years thyroid carcinoma rate was 0. (1976, 1986, 1993, and 2007) , with the rate of 0.1 per 100,000. In the age group of 5-9 years (n = 60,757,527), there were 54 tumors diagnosed, while, in the age group of 10-14 years (n = 62,502,949), 281 carcinomas were diagnosed, with the rate in 1992 significantly different from the rate between 1973 and 2007 (rate: 0.9 per 100,000, RR: 1.93, 95% CI: 1.06-3.23, P = 0.03). Data were insufficient to demonstrate trends in age group of 0-4 years, but, among 5-9, there was a negative but insignificant trend (PC: −62.0), while positive trends were shown among the age groups of 10-14 years (PC: 55.0) and 15-19 years (PC: 53.4). While the APCs could not be computed for ages 5-9 years, the APC was insignificantly higher than zero in the age group of 10-14 years but was significantly higher than 0 in the age group of 15-19 years (APC: 1.1, 95% CI: 0.5-1.8, P < 0.0001). Among the age group of 15-19 years (n = 63,280,790), there were 1021 tumors diagnosed, with rates fluctuating between 1.0 and 2.3 per 100,000. 
Discussion
This study was conducted to assess whether the incidence of pediatric carcinoma has been increasing in the United States during the past three decades. We examined the incidence rate and trends over this period by sex, age at diagnosis, race, and geographic locale. This investigation revealed a few relevant findings: first there is a fluctuating pattern on age-adjusted incidence rate in pediatric thyroid cancer based on the nine SEER registries utilized in this study. Second, pediatric thyroid carcinoma incidence varies by age at diagnosis, race, and sex. Third, there is a clear pattern in the age at diagnosis, with incidence increasing as the age increases.
Pediatric thyroid carcinoma is a rare malignancy and has a good prognosis except the anaplastic cell type. The papillary, follicular, and medullary subtypes, which are collectively termed well-differentiated tumors, have very good prognosis [15] . We have shown increase in the pattern of thyroid cancer diagnosed among pediatric patients (0-19 years) in the USA between 1973 and 2007. Despite this increase, we observed a fluctuating pattern with most increases seen in the new millennium. Of the risk factors investigated in thyroid cancer epidemiology, ionizing radiation remains a very wellestablished finding with a perpetual consistency across study populations and types of designs [13, 14] . The observed increased rate of pediatric thyroid cancer in our study may be associated with similar increase in other pediatric malignancies due to the increasing use of radiation therapy in the management of these tumors in our pediatric populations. Relative to adults, the thyroid gland in children is most sensitive to ionizing radiation, [13] which explains the increasing proportion of thyroid cancer diagnosed in older children who underwent radiation therapy for their first primary tumor [16] . Our study showed that the incidence rate ranged from 0.4-0.7 per 100000 in the USA. Whereas there are no long-term temporal trend studies to our knowledge, the limited studies done in these perspectives identified incidence of pediatric thyroid cancer to be one in every 1000-2000 children [17] .
We have also demonstrated that the incidence rate varied by race and that white children compared to black children had higher incidence of thyroid cancer. While the increasing incidence trend was not significant among white children, the lower trends among black children were statistically significant between 1973-2007. The observed variability by race in pediatric thyroid cancer remains to be explained by examining factors known to drive thyroid cancer that are disproportionately distributed between black and white children in the US population. Whereas this study did not assess variability by race in the factors predisposing to thyroid cancer, it is plausible to expect that the observed race variability LL: lower limit of confidence limit; UL: upper limit of confidence limit; CI: confidence interval; RR: rate ratio compared to 1973-2007. in the incidence of thyroid cancer in our data may be associated with racial variability in first primary cancer therapeutics (radiation therapy), mortality from primary cancer, secondary exposure to tobacco, diet, and parental occupation. Thyroid cancer incidence was observed to vary by sex, with girls exhibiting increased incidence relative to boys. This observation, which supports previous data in young adult and adult populations (14 years and older) [3, 6, 7] , may be explained in part by hormonal differences by sex. Estrogen receptors in normal and neoplastic human thyroid tissues had been investigated by Chaudhuri and Prinz [5] . Estrogen may be associated with thyroid cancer since it is related with the elevation of serum thyroxin and tri-iodothyronine 6 ISRN Oncology LL: lower limit of confidence limit; UL: upper limit of confidence limit; CI: confidence interval.
levels [18] . The fact that the variability exits in thyroid cancer incidence by sex due to hormonal differences is clearly supported by data on age at diagnosis of thyroid cancer. Since this malignancy peaks during puberty, increasing in this pattern until middle age [2, 7] . In addition, thyroid-stimulating hormone (TSH) from the anterior pituitary gland may be carcinogenic by increasing mitotic activity in the follicular cell. Consequently, TSH elevation may be implicated in thyroid carcinoma carcinogenesis [19] .
We found that pediatric thyroid cancer rate varied by age at diagnosis and that the incidence was highest among children of 15-19 years and negligible among children less than one year with no incidence between 1973 to 2007. Ferlay et al. observed a similar pattern in adult thyroid cancer population [20] . Incidence of thyroid cancer has been shown to be relatively high before age 40 years, and in our data with the pediatric population we observed highest incidence rate among children of 15-19 years, which may be suggestive of hormonal role in thyroid carcinogenesis. Equally this implication helps to explain the sex variability in pediatric thyroid cancer rate. The fact that we observed increasing rate from age group of 10-19 years is also suggestive of the implication of hormones including oral contraceptives (15-19 years) in girls and age at onset variability in pediatric thyroid cancer in both sexes. Whereas the role of the environment has not been consistently implicated in thyroid cancer carcinogenesis, certain environment including physical environment or geography and medical environment (diagnostics and therapeutics, occupation) may influence thyroid cancer incidence. We studied temporal trend in the nine SEER registries which began data collection in 1973 except Seattle and Atlanta Metropolitan. While no specific patterns were observed, registries with white pediatric population tended to show slight increase in incidence rates. This observation is suggestive of the role of race as a surrogate environmental predisposing factor in pediatric thyroid malignancy. While this study represents the largest and the longest temporal trend study in pediatric thyroid carcinoma in North America, there are some limitations. First, the population studied represented an estimated 11% of the total US population, which may render our result an underestimation or overestimation of the incidence rate in pediatric thyroid carcinoma. However, the observed incidence rate in general and the incidence rate variability by sex, race, and geography do not appear to be overly an underestimation. We could have included other SEER registries that could have made our data representative of an estimated 26% of the US population. But doing so, we could have reduced the number of years of tumor diagnosis since some of these current registries started data collection in the late 90s and early 2000s.
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In summary, this temporal trend study of pediatric thyroid carcinoma indicates an increase in the incidence pattern of this malignancy given the percent change and the annual percent change between 1973 and 2007. In addition, the incidence is higher among girls, lower among blacks, and relatively higher in SEER registries with predominantly white or Hispanic populations. Since changes in diagnostics, and population transition, and other limitations of disease registry such as SEERS may substantially influence incidence patterns, rates, and trends, caution is expected in the interpretation of these results.
